Background Waterpipe tobacco and electronic cigarettes (e-cigarettes) share several features: rising popularity, use of product flavourings and concerns about marketing to youth. We sought to compare prevalence and predictors of waterpipe tobacco and e-cigarette use, and explore knowledge of waterpipe tobacco and support for interventions.
Introduction
Waterpipe smoking, where tobacco smoke passes through water prior to inhalation, and electronic cigarettes (e-cigarettes), where flavoured liquid is heated by an atomizer to produce a 'vapour', are two products that have recently increased in popularity in a variety of settings. Waterpipe tobacco is thought to have originated several hundred years ago from the Middle East or Indian subcontinent; areas that report the highest prevalence worldwide. For example in one study of Lebanese youth, 44% had tried waterpipe tobacco smoking and 22% were considered current users. 1 Current waterpipe use among youth is also high in the West Bank (33%), Latvia (23%), the Czech Republic (22%) and Estonia (22%). 2 In contrast, e-cigarettes were first introduced in 2003 from China, and evidence suggests a rapid rise in current use among adults in the USA (0.6% in 2009 to 6.2% in 2011) 3 and among adolescents in Korea (0.5% in 2008 to 9.4% in 2011) 4 and the USA (3.3% in 2011 to 6.8% in 2012). 5 Waterpipe tobacco smoke is known to contain significant levels of tar, nicotine, carbon monoxide, heavy metals 6, 7 and tobacco-specific nitrosamines. 8 Waterpipe tobacco use has been found to be associated with lung cancer, low birth weight, periodontal disease, respiratory diseases and poor lung function. 9 ,10 E-cigarette vapour may contain high levels of the addictive and tumour-promoting substance nicotine, 11, 12 the carcinogenic substance formaldehyde, 13 and other substances that induce cytotoxic effects, 14 increase airway resistance and reduce lung capacity; 15 however, the clinical significance of these findings remains unclear, as on one hand many toxicants are found in much lower concentrations than cigarettes, but on the other hand there are no studies of the long-term effects of inhaling these toxic substances. 16 While some have advocated that e-cigarettes (but not waterpipe) might act as cigarette cessation aids, 11 this is not supported by high-quality evidence. 17 Waterpipe tobacco and e-cigarettes share several features. They are both glamorously marketed with a wide range of flavours that are targeted towards, or at least appealed to, by young people. 18, 19 There are public health concerns that these products act as a gateway to future cigarette use. 20, 21 For example, data among students aged 15 -19 years in Poland suggest that an increase in current e-cigarette use from 5.5% in 2010 -11 to 29.9% in 2013 -14 was also associated with an increase in cigarette use from 23.9 to 38.0% over the same time period. 22 Longitudinal data from Jordan suggest that the risk of cigarette initiation was higher among waterpipe users in a dose-dependent manner. 23 They are also lucrative products that are relatively inexpensive: e-cigarettes due to its exemption from tobacco taxation, and waterpipe tobacco due to its low level of tobacco taxation in the UK 24 and USA. 25 Despite some of the similarities between waterpipe tobacco and e-cigarettes, they are generally considered separate and distinct industries. We have recently observed that some e-cigarette companies have developed large waterpipe apparatuses that use e-cigarette-like technology (e-liquid and an atomizer) instead of traditional waterpipe tobacco. 26 More commonly, some e-cigarette companies have also developed standardly sized e-cigarettes marketed as waterpipe, known as 'e-shisha' or 'shisha pens'. It is unknown whether members of the public are aware of e-cigarettes marketed as waterpipe and whether they are being used. Therefore, the primary aim of this study was to measure the prevalence of waterpipe tobacco use, and e-cigarettes marketed as waterpipe, and to compare predictors to understand whether they are generally consumed by the same user group.
We were also concerned by the rising levels of waterpipeserving premises in London. A report by the British Heart Foundation found that the number of UK premises increased by 210% between 2007 and 2012. 27 Our secondary aim was therefore to assess whether members of the UK public had adequate knowledge of the harms associated with waterpipe use, and whether those from traditional waterpipe-using communities would support legislative and health promotion waterpipe interventions.
Methods
Design, sample and setting Between March 2013 and March 2014, we conducted a crosssectional survey in public street settings among adults of any age in six southeast, ethnically diverse London boroughs (Bexley, Bromley, Greenwich, Lambeth, Lewisham and Southwark). Within each borough, six sites were selected and trained interviewers approached members of the public and invited them to participate in a survey. Sites were selected on the basis that they were busy enough to ensure surveying was viable, they were a safe environment for interviewers to work in, they were diverse enough to offer a reasonable cross-section of communities within the borough and they avoided national transport hubs or tourist attractions to minimize non-resident participants. At each site, we asked interviewers to target a range of ages and ethnicities, aiming to take a convenience sample of 50 members of public, inviting them to participate in a 'health' survey. That the survey was primarily about waterpipe tobacco smoking was not revealed until they gave informed consent to participate. We were not able calculate a response rate.
Questionnaire and measures
We distributed a 38-item, self-administered tobacco questionnaire. Seven items gathered information on waterpipe tobacco smoking patterns of use. Ten items gathered information on knowledge of waterpipe tobacco smoking, including adverse health outcomes, current legislation and common myths. Six items gathered information on respondents' children's experience of waterpipe. Only those who answered positively to the question: 'Do you come from a community that traditionally smokes shisha or use a water pipe to smoke?' were asked a further six questions about its cultural importance and about support for interventions. Five items gathered information on e-cigarettes. Finally, four items gathered sociodemographic data (age, gender, ethnicity and borough of residence). This survey was not validated although questions on waterpipe tobacco use were taken from previously validated surveys. 28 Our main two outcome measures were waterpipe tobacco and e-cigarette use, ascertained by the questions 'Have you ever smoked shisha, even if it was one or two puffs?' and 'Have you ever smoked e-shisha, even if it was one or two puffs?' E-shisha is one common synonym of e-cigarettes. Both questions were accompanied by photo cards, the latter showing both first and second generation e-cigarettes. Predictor variables were age, gender, ethnicity and current (defined as 'past 30-day') cigarette use. For ethnicity, we listed 17 options including a free-text space for those who felt their ethnicity was not listed. We collapsed these into white, black, south Asian and other. The 'other' ethnic category included those of mixed, Arab and Chinese ethnicities, as well as those who felt their ethnicity was not listed. We collapsed the 'other' ethnic category in this way due to small sample sizes in each of these ethnic groups.
Statistical analysis
We described the characteristics of our sample using frequencies and percentages for categorical data. We calculated the prevalence of waterpipe tobacco smoking and e-cigarette use by sociodemographic characteristics. We ran two forced entry multi-level logistic regression models, one with waterpipe tobacco smoking as the outcome and the other with e-cigarette use as the outcome, adjusting for the clustering effect at borough level (using the Stata option 'cluster(varname)' at the end of the 'logistic' command). Predictor variables included age (18-24/25-34/35-44/45-54/55 years and older), gender, ethnicity (white/black/south Asian/other) and current cigarette smoker (no/yes). Additionally, each outcome measure was used as a predictor for the other. Reference variables were those aged 55 years and older, females, whites and non-users of cigarettes, waterpipe tobacco and e-cigarettes. We tested for multicollinearity using the variance inflation factor, which produced a mean of 1.73 for each model. This indicated reasonable independence between predictor variables.
We then explored the relationship between knowledge of and use of waterpipe tobacco smoking by running a third logistic regression model. We included all predictor variables used in the first two models and all 10 knowledge items in a backward stepwise model, where the exit level was set at P , 0.05. Finally, we ran descriptive statistics to assess the level of local intervention support by those from traditional waterpipe-using communities.
We deleted 17 observations that had missing data in outcome or predictor variables (1.4% of all responses). This resulted in 1176 observations for analysis. Adjusted odds ratios (AORs) were reported with 95% confidence intervals (95% CIs), and a significance level of 5% was taken for all analyses. All statistical analyses were conducted in Stata 12.0 (StataCorp).
Results

Characteristics of sample
Our sample was relatively well distributed by age, with a slightly higher representation of those aged 25 -34 years (n ¼ 271, 23.0%) compared with other age groups. Fifty-six per cent (n ¼ 658) were male, and the majority were of white ethnicity (n ¼ 675, 57.4%). Nearly, a third (n ¼ 357, 30.4%) were current cigarette smokers. Each borough had between 190 and 210 respondents; a relatively even distribution by geographical area. We used local census data to compare our sample to the cumulative demographics of the six boroughs and found it to be generally well representative, with probable slight over-recruitment of males and those aged 18 -24 years (Table 1) .
Prevalence and predictors of waterpipe tobacco and e-cigarette use Just under a third (n ¼ 364, 31.0%) had ever tried waterpipe tobacco smoking. Of the 334 respondents who answered the question on frequency of use, 46.4% (n ¼ 155) had tried it but not smoked in the last year, 16.8% (n ¼ 56) smoked once in the last year, 22.8% (n ¼ 76) smoked two or three times in Under 10% of the sample (n ¼ 87, 7.4 %) had tried e-cigarettes, and among these, 47.1% (n ¼ 41) were currently non-cigarette users. Forty-five per cent used a disposable device and the remainder used a re-useable device. Compared with those aged 55 years and over, those aged 18-24 years used more e-cigarettes (14.2 versus 1.3%; AOR 4.07, 95% CI 1.03-16.10). Those of other ethnicities used more e-cigarettes than those of white ethnicity (14.9 versus 5.6%; AOR 1.76, 95% CI 1.13-2.73). Compared with non-waterpipe tobacco smokers, e-cigarette use was significantly higher among waterpipe tobacco smokers (20.6 versus 1.5%; AOR 11.98, 95% CI 8.60-16.69). There were no gender or cigarette smoking differences in e-cigarette prevalence, although associations could not be ruled out due to wide CIs.
Knowledge of waterpipe tobacco smoking
The proportion of respondents with correct answers to the 10 questions ranged from 32.7% (waterpipe causes cancer like cigarettes do) to 60.5% (it is illegal to sell waterpipe tobacco to people under 18 years old). The median percentage of correct answers Table 3) . Table 4 presents the results for the backward stepwise logistic regression model with waterpipe tobacco smoking as the outcome and knowledge items as the predictors. The model was only adjusted for age, cigarette smoking and e-cigarette use, as other sociodemographic characteristics were eliminated during model development. Seven knowledge items were significantly associated with waterpipe tobacco smoking.
Compared with those who answered correctly, waterpipe tobacco use was significantly higher among those who incorrectly thought waterpipe could not cause addiction (AOR 1.63, 95% CI 1.03-2.60) and who incorrectly thought the water filtered the smoke (AOR 2.24, 95% CI 1.64-3.05). Waterpipe tobacco use was also higher among those who answered 'I don't know' for one item (causes cancer). Compared with those who answered correctly, waterpipe tobacco use was significantly lower among those who answered 'I don't know' for three items (contains tobacco, harmful to health and legal to smoke indoors) and among those who answered correctly for one item (contains tobacco).
Support for waterpipe tobacco interventions
Among those considered from traditional waterpipe-using communities (n ¼ 60, 5.1%), about half felt that it was important their community continue smoking waterpipe tobacco as a way of cultural expression at home (n ¼ 32, 53.3%) and at waterpipe cafes (n ¼ 29, 48.3%). Nearly two-thirds (n ¼ 38, 63.3%) supported more control of underage waterpipe tobacco sales, 70.0% (n ¼ 42) supported more local enforcement work to implement tobacco legislation on waterpipe cafes and 78.3% (n ¼ 47) supported more education around the health risks of waterpipe tobacco smoking. In this large, convenient, street-based sample of ethnically diverse adults from southeast London, four times as many had tried waterpipe smoking (31.0%) compared with e-cigarettes (7.4%). Both were associated with younger, non-white ethnic groups. Only waterpipe tobacco smoking was associated with cigarette smoking, although we cannot rule out a similar association for e-cigarettes due to the wide CIs. About half of waterpipe users and half of e-cigarette users were currently non-cigarette smokers, and regular waterpipe use was uncommon. Knowledge of waterpipe tobacco smoking was generally poor, and respondents who thought waterpipe was not addictive or that tobacco smoke was filtered by water were more likely to be waterpipe users. The majority of those from traditional waterpipe-using communities would support further local intervention in the form of health promotion or enforced legislation, although half felt it was important to continue using waterpipe for cultural expression. Having said this, most waterpipe users did not consider themselves from traditional waterpipe-using communities.
What is already known on this topic
Our recorded prevalence of waterpipe tobacco smoking (31.0%) is over two and a half times the national average (11.6%). 31 This is perhaps unsurprising given the large number ( 400) of waterpipe-serving premises in London and its ethnic diversity. 24 High ever waterpipe use has been well documented among university students in the UK, ranging from 37.9 to 51.7%, 32, 33 and among diaspora communities of Middle Eastern and south Asian countries. 34 Among medical students in London, nearly half felt it was less harmful than cigarettes, 33 and a recent systematic review confirmed reduced harm perception a salient feature of waterpipe users. 35 A high waterpipe prevalence also extends to young people: lifetime use was documented as 7.3% in the USA, 36 10.1% in Canada 37 and 43.4% in Lebanon. 1 Our recorded prevalence of e-cigarette use (7.4%) falls within the UK adult national average of between 5 and 10%. 38 -40 This is similar to the percentage of American adults who have tried e-cigarettes (6%). 41 Current e-cigarette use among adolescents and adults in the USA remains low, 1-2%. 42 -44 What this study adds This study has several research and policy implications. National surveillance for waterpipe tobacco is warranted due to its high prevalence; at present, data on waterpipe smoking are not collected on routine UK health surveys. Further research is needed to develop and evaluate waterpipe-specific interventions. Support for legislation and health promotion from waterpipe-using communities should catalyze local enforcement initiatives and the development of policies to address waterpipe smoking. However, a significant minority do not appear to offer such support and may perceive interventions as culturally discriminant. Considering over a quarter of those from white ethnicities have also tried waterpipe tobacco smoking, this is no longer a habit limited to ethnic minorities and as such it should be added to core tobacco education.
Researchers should consider using additional terms such as 'e-shisha' or 'shisha pens' when collecting epidemiological data on e-cigarettes or at least include a photograph to enhance the internal validity of questions. There is no evidence that other UK surveys of e-cigarette prevalence explored common synonyms of e-cigarettes, or included photographs, in their survey instruments. 38, 39 This is particularly important as users of 'e-shisha' may confuse between researchers asking them about 'shisha use' (waterpipe tobacco) and 'e-shisha use' (e-cigarettes).
Limitations of this study
Our sample was not randomly selected and we could not calculate a response rate so our findings are prone to selection bias. However, our data appear representative of the region. The lack of validated survey items in this study, such as those from the Global Adult Tobacco Survey, 45 may have affected the internal validity of our findings. Our survey did not include a measure of socioeconomic status; however, from the literature both waterpipe tobacco and e-cigarette use has been shown to be more prevalent among higher socioeconomic groups. 46, 47 Although about half of waterpipe tobacco users and half of e-cigarette users were non-cigarette smokers, we were unable to ascertain whether these users had ever tried cigarettes in the past, and hence the findings of this study do not inform the debate about the gateway potential of e-cigarettes or waterpipe tobacco. Our logistic regression model may not have been adequately powered for e-cigarettes considering the small sample size, 48 possibly resulting in type two errors.
Conclusions
In this ethnically diverse sample in southeast London, waterpipe tobacco use was common although regular use was not. The prevalence of e-cigarettes was in line with the national average. Both products share similar predictors, such as being used by younger, non-white ethnic groups. Interventions for waterpipe prevention and cessation are unlikely to marginalize traditional waterpipe-using groups due to the level of support shown by their members. Local government should therefore engage with traditional waterpipe-using communities in the prevention and control waterpipe use, being mindful that most waterpipe users do not consider themselves from these communities. Considering poor knowledge of waterpipe is a predictor of its use, health education initiatives should be the first step in changing this health behaviour.
